Journal of Forestry Research (2013) 24(3): 531-538 
DPI 10.1007/sl 1676-013-0384-3 

ORIGINAL PAPER 


Effect of nitrogen fertilizer on biomass production and nodulation be¬ 
havior of Pongamia pinnata Pierre seedlings under nursery conditions 

S.P. Chaukiyal • Rayees Afzal Mir • T.C. Pokhriyal 


Received: 2011 -09-05; Accepted: 2012-10-19 

© Northeast Forestry University and Springer-Verlag Berlin Heidelberg 2013 


Abstract: At the seedling stage, a small amount of N is required to boost 
growth of leguminous plants. A pot experiment was conducted to observe 
the effect of N fertilizer on various growth parameters and nodulation 
behavior of Pongamia pinnata under nursery conditions. After the estab¬ 
lishment of seedlings, four nitrogen treatments, 0, 40, 80 and 100 kg-ha' 1 
N were applied in two equal splits. Monthly observations were taken for 
the morphological parameters viz. plant height, collar diameter, leaf 
number, root length, root shoot ratio, nodule number and weight per plant. 
Maximum plant height was recorded after application of N at 40 kg-ha' 1 . 
Seasonally, the difference in collar diameter in rainy season was signifi¬ 
cantly higher than in winter or summer. However, more leaves were 
produced per plant at N-40 and N-100 treatments in winter and rainy 
seasons. Higher root length was recorded in rainy season than in winter 
or summer. Root biomass was higher than for stems or leaves. Seasonal 
effects of N-80 and N-40 treatments on leaf dry weight were significantly 
higher than for N-100 or N-0. Stem dry weight was higher at N-40 than 
at other treatments in winter and summer seasons. Root:shoot ratio was 
higher throughout winter to early summer. Nodule biomass was 2-3 
times higher in rainy season compared to winter or summer. Maximum 
nodule number and biomass per plant were highest at N-40, followed by 
N-0, N-80 and N-100 treatments. New nodule formation started from 
June to the end of September. Maximum biomass per plant was recorded 
at N-40, followed by N-80, N-100 and N-0. Nitrogen treatment effect and 
seasonal behaviour interaction were not significant. Significantly higher 
numbers of nodules per plant were recorded in rainy season followed by 
summer and winter for all treatments. Higher nitrogen doses suppressed 
growth while lower doses promoted growth in Pongamia pinnata. 
Therefore, the lower nitrogen dose i.e., N-40 Kg-ha' 1 applied in two equal 
splits was suitable at the initial nursery stage for the increase in nodula¬ 
tion and biomass production. 
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Introduction 

Nitrogen is widely distributed in nature. Weathering of primary 
rocks to release N is very slow. Consequently, little of the litho¬ 
sphere nitrogen (N) is supplied to the biosphere. Instead, the 
major source of biosphere N is the atmosphere, only a very small 
proportion of plant-available forms (NH" 4 and NO" 3 ) is present in 
the soil. Due to the very low amounts of available N in soil, far¬ 
mers and tree growers apply nitrogen fertilizer to increase finan¬ 
cial returns. Excessive application of nitrogenous fertilizers is 
not only undesirable financially, but it also causes adverse effects 
on our environment and crop quality (NRC 1978; Keeney, 1982). 
Harper (1974) reported that the addition of soil nitrogen is re¬ 
quired for the maximization of biomass at initial nursery stages 
of growth even for some legume species (Zhang et al. 1990; 
Becker et al. 1991). Dalbergia sissoo (Uniyal 1997) and Acacia 
catechu (Kumar 2005) showed poor responses to higher nitrogen 
fertilizer doses. Thapliyal (2002) observed increased growth after 
application of N-40 + P-100 Kg-ha" 1 to Albizia lebbeck. Sehgal et 
al. (1992) for Enterolobium timbouva and Koul et al. (1995) for 
Bauhinia variegata also reported increases in growth parameters 
after N application. Therefore, the addition of N fertilizer is in¬ 
variably needed to maximize crop yields. 

Fast growing, multipurpose woody legumes have drawn in¬ 
creasing attention in tropical forestry. Among them Pongamia 
pinnata an indigenous, fast-growing, multipurpose, nitrogen fixer, 
good coppicer and a suitable tree for waterlogged areas (Misra 
and Singh 1987 and 1989) and sites irrigated with tannery waste 
water (Chaturvedi 1986). It is widely distributed throughout 
India and is now accepted for various agroforestry plantation 
programmes. It can thrive in areas with annual rainfall from 500 
to 2,500 mm (Daniel 2001). Its canopy casts moderate shade 
(Gilman and Watson 1994; Daniel 2001) and seeds are used in 
ecofriendly biofuel (Jakowska 2003). However, no information is 
available describing its N utilization pattern at nursery stage for 
better growth and development. Our study objective was to de¬ 
scribe N fertilizer effects on the plant parts, biomass, and nodu- 
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lation behaviour of Pongamia pinnata at seedling stage. 

Materials and methods 

Mature pods of Pongamia pinnata were collected from selected 
healthy trees in the New Forest area, Forest Research Institute, 
Dehradun, India. The pods were sun dried, and the seeds were 
separated and sown in germination boxes during April. Fresh soil 
was collected and transported from the New Forest area to the 
glass house premises of Plant Physiology Branch, Forest Research 
Institute, Dehradun. The planting medium of soil, river sand and 
farm yard manure in 2:1:1 ratio was mixed and sieved. 5 kg of soil 
mixture filled each pot and 200 pots were prepared and serially 
numbered for this experiment. After attaining the approximate 
height of 10-15 cm, seedlings were transplanted into earthen (30 
cm diameter) pots in June with a single plant in each pot. These 
plants were kept outdoors in open space under natural conditions. 
For the initiation of better growth, a basal fertilizer dose of potash 
(K 2 0, 58% to 60%) and super phosphate (P 2 0 5 , 16%) were applied 
at 40 kg-ha 1 and 80 kg-ha" 1 , respectively. 

The plants were divided into four groups containing 50 pots 
each. Four nitrogen (N) treatments were applied: N-40 (40 kg 
N-ha' 1 ), N-80 (80 kg N-ha' 1 ), N-100 (100 kg N-ha' 1 ) and N-0 
control (without nitrogen). Two equal split doses of N fertilizer 
(i.e., 46% urea) were applied in aqueous solution to treated plants 
and equal quantity of water was added to control plants (N-0). The 
first half dose of nitrogen was applied during July and the second 
in September. Plants were irrigated lightly, immediately after 
nitrogen application so that the nitrogen was uniformly distributed 
in the soil and easily available to the plants, and to check 
evaporation and leaching losses. Watering and other cultural 
practices were carried out when required. 

Morphological observations were recorded at monthly intervals 
after the plants were well established. Average seasonal activity 
was calculated for winter (November-February), summer 
(March-June) and rainy (July-October) by pooling the monthly 
observations. The uniform plant material was selected by random¬ 
ized design method. The recorded data were analyzed monthly and 
seasonally for the whole year (pooled). Fresh weights of individual 
plant parts were recorded immediately and then kept in the oven at 
80°C for 72 hours for dry weight. Final dry weight was taken when 
it lost all arable moisture and weights becaome constant. The 
number of nodules produced per plant was also recorded before 
dry weight. All data for each season were analyzed by one-way 
ANOVA to evaluate differences between treatments. Pooled data 
for 12 months (i.e., annual data) were analyzed by two ways 
ANOVA to study the differences between seasons and treatments 
as well as their interactions. 

Results 

An increase in plant height was observed from May to October 
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in all four treatments (Fig. la). Maximum and minimum plant 
heights were observed in October and April, respectively. Plant 
heights did not vary by nitrogen treatment during summer or 
rainy seasons. In annual pooled values, plant heights were sig¬ 
nificantly higher at N-40 than at N-80 or N-100 treatments (Ta¬ 
ble la). Significantly greater plant heights were recorded during 
rainy season than in winter or summer. The differences in the 
plant height due to nitrogen treatment were non-significant. 

Collar diameter (mm) followed the trend observed for plant 
height (Fig. lb). Maximum values (N-40, 15.68 mm) were re¬ 
corded in October and minimum (N-0, 7.37 mm) in April. Among 
different N treatments, N-40 was most effective during winter and 
summer seasons. Collar diameter did not vary by nitrogen treat¬ 
ment in rainy season. Differences in rainy season collar diameters 
were only significant compared to winter and summer. In the 
monthly pooled average values (12 months), N-40 and N-100 
treatments yielded significantly higher compared to collar diame¬ 
ters than did N-0 and N-80 treatments (Table lb). 

Maximum numbers of leaves per plant were recorded in Octo¬ 
ber (Fig. lc), followed by decreases in subsequent months to 
March. In summer, with increasing ambient temperatures, the soil 
moisture content decreased and followed along with the com¬ 
mencement of the early summer season and emergence of new 
leaves started. No significant effects due to nitrogen treatments 
were observed in the number of leaves during different seasons. 
However, the maximum and minimum numbers of leaves were 
recorded for N-40 and N-100 treatments in winter and rainy sea¬ 
sons and for N-100 and N-0 treatments in summer, respectively. 
Significantly higher numbers of leaves were recorded in rainy 
season, followed by winter and summer. However, numbers of 
leaves did not vary significantly by nitrogen treatment (Table lc). 

A gradual increase in root length was observed by month (Fig. 
2a). Although the nitrogen effects were non-significant in summer 
and rainy season however, maximum values were observed for 
N-40 in all seasons. Root length (cm) did not vary by nitrogen 
treatments. The root length was significantly higher in rainy season 
compared to winter and summer (Table Id). Based on seasonal (i e. 
winter, summer and rainy season) pooled values, the differences 
between N-40, N-100 and N-0, N-80 treatments were observed, 
significantly. 

An increase in leaf weight per plant was observed from April to 
October and was followed by a gradual decrease from November 
to March (Fig. 2b). No significant differences were observed due 
to different nitrogen treatments within winter, summer and rainy 
seasons. Leaf weight was significantly higher in rainy season 
compared to winter and summer. However, the maximum values 
were observed for N-40 during winter and summer seasons and 
for N-80 in rainy season. On the basis of seasonal pooled dry 
weight values, N-80 and N-40 treatments yielded significantly 
higher weights than did N-100 or N-0 treatments (Table 2a). 

Stem dry weight per plant followed the trend of leaf weight (Fig. 
2c). Among N treatments within seasons, N-40 was most effective 
in winter and summer, whereas, no significant effects were re¬ 
corded in rainy season. Significantly higher values stem dry 
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weights were observed recorded in rainy season as compared to 
than in winter and or summer (Table 2b). On the basis of seasonal 


pooled values, N-40 treatment yielded significantly higher stem 
dry weights than other treatments. 
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Fig. 1 


Effects of nitrogen treatments on plant height, collar diameter and number of leaves in Pongamia pinnata seedlings 
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Fig. 2 Effects of nitrogen treatments on plant root length, leaf and stem dry weight in Pongamia pinnata seedlings 


Table 1. Effect of N and seasonal variations on height, collar diameter, number of leaves and root length in Pongamia pinnata seedlings 


Character 

Seasons 


Bar diagrams 


Level of sig 

(a) 

Winter 

N-40 (54.75) 

N-100 (48.96) 

N-80 (45.79) 

N-0 (38.67) 

** 

Height 

Summer 

N-40 (50.08) 

N-100 (41.083) 

N-80 (41.38) 

N-0 (39.42) 

NS 

(cm) 

Rainy 

N-80 (85.67) 

N-40 (84.08) 

N-100 (81.50) 

N-0 (76.42) 

NS 


Pooled T 

N-40 (62.97) 

N-80 (57.61) 

N-100 (57.43) 

N-0 (51.50) 

** 


Pooled S 

Rainy (81.92) 

Winter (47.04) 

Summer (43.18) 


*** 

(b) 

Winter 

N- 40(12.20) 

N-100 (10.61) 

N-80 (10.60) 

N-0 (9.83) 

*** 

Collar diameter 

Summer 

N- 40 (11.43) 

N-100 (10.38) 

N-80 (9.77) 

N-0 (9.50) 

* 

(mm) 

Rainy 

N-100 (14.41) 

N-40 (13.88) 

N-80 (13.10) 

N-0 (12.97) 

NS 


Pooled T 

N-40 (12.51) 

N-100 (11.80) 

N-80 (11.16) 

N-0 (10.76) 

*** 


Pooled S 

Rainy (13.59) 

Winter (10.81) 

Summer (10.27) 


*** 

(c) 

Winter 

N- 40(12.19) 

N-80 (11.23) 

N-0 (10.54) 

N-100 (10.33) 

NS 

No. of Leaves 

Summer 

N-100 (8.22) 

N-40 (7.52) 

N-80 (7.02) 

N-0 (6.52) 

NS 


Rainy 

N- 40 (23.62) 

N-80 (19.45) 

N-0 (19.27) 

N-100 (18.19) 

NS 


Pooled T 

N-40 (12.94) 

N-100 (11.58) 

N-80 (11.54) 

N-0 (10.98) 

NS 


Pooled S 

Rainy (20.03)> 

Winter (11.05)> 

Summer (7.30) 


*** 

(d) 

Winter 

N- 40 (66.8) 

N-100 (61.98) 

N-80 (57.32) 

N-0 (51.62) 

* 

Root length 

Summer 

N-40 (61.90) 

N-100 (54.43) 

N-0 (51.79) 

N-80 (50.69) 

NS 

(cm) 

Rainy 

N-40 (84.88) 

N-100 (75.21) 

N-0 (74.12) 

N-80 (74.82) 

NS 


Pooled T 

N-40 (70.52) 

N-100 (63.31) 

N-80 (60.13) 

N-0 (58.30) 

** 


Pooled S 

Rainy (77.13) 

Winter (59.16) 

Summer(54.53) 


*** 


Note: *= Significant at 5% level; ** = Significant at 1% level; *** = Significant at .1% level; NS = Non-significant, S = Season, T = Treatments, bold 
text = The treatments under bar are homogenous. The data was transferred to logarithmic scale to stabilize the variance of the treatments. 
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Table 2. Effects of N and seasonal variation on plant part biomass with nodule number and nodule biomass in Pongamia pinnata seedlings 


Characters 

Season 


Bar Diagrams 


Level of sig 

(a) 

Winter 

N-40 (6.39) 

N-80 (4.94) 

N-100 (4.80) 

N-0 (4.34) 

NS 

D.Wt 

Summer 

N-40 (3.80) 

N-80 (3.40) 

N-0 (2.69) 

N-100 (2.37) 

NS 

leaves 

Rainy 

N-80 (16.10) 

N-40 (14.96) 

N-100 (13.73) 

N-0 (13.67) 

NS 


Pooled T 

N-40 (7.13) 

N-80 (6.47) 

N-0 (5.43) 

N-100 (5.39) 

* 


Pooled S 

Rainy (14.58) > 

Winter (5.06) > 

Summer (3.02) 


*** 

(b) 

Winter 

N-40 (11.58) 

N-100 (6.83) 

N-80 (6.03) 

N-0 (5.01) 

*** 

D.Wt 

Summer 

N-40 (7.31) 

N-100 (4.50) 

N-80 (4.18) 

N-0 (4.16) 

*** 

Stem 

Rainy 

N-40 (17.14) 

N-80 (15.30) 

N-100 (15.19) 

N-0 (11.71) 

NS 


Pooled T 

N-40 (11.32) 

N-100 (7.76) 

N-80 (7.28) 

N-0 (6.24) 

*** 


Pooled S 

Rainy (14.7) 

Winter (6.99) 

Summer (4.89) 


*** 

(c) 

Winter 

N-40 (17.23) 

N-100 (11.68) 

N-80 (1099) 

N-0 (9.13) 

* 

D.Wt 

Summer 

N-40 (11.63) 

N-100 (7.51) 

N-0 (7.32) 

N-80 (6.76) 

* 

Root 

Rainy 

N-40 (25.61) 

N-80 (22.34) 

N-100.(19.97) 

N-0 (19.07) 

NS 


Pooled T 

N-40 (17.24) 

N-100 (12.05) 

N-80 (11.88) 

N-0 (10.84) 

*** 


Pooled S 

Rainy (21.61) > 

Winter (11.92) > 

Summer (8.11) 


*** 

(d) 

Winter 

N-40 (33.44) 

N-100 (22.83) 

N-80 (22.34) 

N-0 (18.79) 

** 

D.Wt 

Summer 

N-40 (23.57) 

N-0 (16.83) 

N-100 (14.83) 

N-80 (14.19) 

* 

Per plant 

Rainy 

N-40 (59.09) 

N-80 (54.06) 

N-100 (49.37) 

N-0 (44.76) 

NS 


Pooled T 

N-40 (35.98) 

N-100 (26.67) 

N-80 (26.17) 

N-0 (24.19) 

** 


Pooled S 

Rainy (51.54) > 

Winter (23.80) > 

Summer (17.74) 


*** 

(e) 

Winter 

N- 40(3.33) 

N-100 (2.91) 

N-80 (2.85) 

N-0 (2.66) 

** 

Shoot 

Summer 

N-40 (2.90) 

N-80 (2.53) 

N-0 (2.50) 

N-100 (2.34) 

NS 

D.Wt 

Rainy 

N-80 (4.66) 

N-40 (4.35) 

N-100 (4.09) 

N-0 (4.04) 

NS 


Pooled T 

N-40 (17.64) 

N-80 (14.87) 

N-100 (12.84) 

N-0 (12.52) 

** 


Pooled S 

Rainy (28.41) 

Winter (11.89) 

Summer (8.71) 


*** 

(0 

Winter 

N-40 (1.09) 

N-80 (1.01) 

N-0 (1.01) 

N-100 (0.97) 

NS 

Root shoot ratio 

Summer 

N-100 (1.15) 

N-40 (1.06) 

N-0 (1.00) 

N-80 (0.86) 

NS 


Rainy 

N-40 (0.80) 

N-0 (0.76) 

N-100 (0.70) 

N-80 (0.67) 

NS 


Pooled T 

N-40 (0.99) 

N-100 (0.94) 

N-0 (0.92) 

N-80 (0.84) 

NS 


Pooled S 

Winter (1.02) 

Summer (1.01) 

Rainy (0.73) 


NS 

(g) 

Winter 

N-40 (1.78) 

N-80 (1.58) 

N-100 (1.53) 

N-0 (1.43) 

Ns 

D.Wt nodule 

Summer 

N-0 (1.38) 

N-40 (1.32) 

N-80 (1.15) 

N-100 (1.14) 

NS 


Rainy 

N-0 (2.50) 

N-80 (2.46) 

N-40 (2.45) 

N-100 (2.08) 

NS 


Pooled T 

N- 40 (1.79) 

N-0 (1.70) 

N-80 (1.64) 

N-100 (1.54) 

NS 


Pooled S 

Rainy (2.37) > 

Winter (1.57) > 

Summer (1.24) 


*** 

(h) 

Winter 

N-40 (12) 

N-80 (11) 

N-100 (10) 

N-0 (9) 

NS 

nodule number 

Summer 

N- 40 (7) 

N-0 (7) 

N-80 (7) 

N-100 (6) 

NS 


Rainy 

N- 40 (22) 

N-0 (18) 

N-80 (17) 

N-100 (17) 

NS 


Pooled T 

N- 40 (13.79) 

N-80 (11.56) 

N-0 (11.54) 

N-100(11.12) 

*** 


Pooled S 

Rainy (19) 

Winter (11) 

Summer (7) 


* 


Note *= Significant at 5% level; ** = Significant at 1% level; *** = Significant at .1% level; NS = Non-significant, S = Season, T = Treatments, bold text 
= The treatments under bar are homogenous. The dry weight is given in gms. The data was transferred to logarithmic scale to stabilize the variance of the 
treatments 


Root dry weight per plant followed the trend of leaf and stem 
dry weights (Fig. 3a). Maximum root dry weights were observed 
for N-40 compared to other treatments in all seasons. Nitrogen 
treatment effects were non-significant among themselves in rainy 
season (Table 2c). In annual pooled values, N-40 treatment 
yielded significantly higher compared to root dry weights than did 
N-80, N-100 or N-0 treatments. Significantly higher biomass per 
plant was obtained in rainy season, followed by winter and sum¬ 
mer. 
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Shoot dry weight followed the trend observed for leaf, stem and 
root dry weight (Fig. 3b). From winter to early summer months, 
shoot biomass was nearly constant but from late summer it in¬ 
creased gradually up to rainy season. Minimum and maximum 
shoot dry weights were observed in April and October, respectively. 
The season wise analysis indicated that the variation between the 
treatments during all three seasons was highly significant and the 
yearly pooled data analysis also indicated almost similar results 
(Table 2e). The lowest N (N-40) dose was more effective and 
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yielded better performance, and rainy season produced more shoot biomass than did summer or winter. 
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Fig. 3 Effects of nitrogen treatments on root, shoot and total dry weight per plant in Pongamia pinnata seedlings 
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Fig. 4 Effects of nitrogen treatments on root shoot ratio, nodule dry weight and nodule number per plant in Pongamia pinnata seedlings 


Total biomass (leaf + stem + root) followed the trend of indi¬ 
vidual plant parts (Fig. 3c). Increased total plant weight was re¬ 
corded from April to the end of rainy season. Significantly, higher 
biomass per plant was observed in recorded for N-40 treatment 
during all three seasons. N-treatment effects varied significantly 
during winter and summer, but not during rainy season. In the 
pooled average values, N-40 treatment yielded significantly higher 
dry weights compared to other treatments. Significantly, higher 
values for dry weights were recorded in rainy season than in winter 
or summer (Table 2d). 

The root:shoot ratio increased during winter to early summer 
(March/April). Maximum values were observed in March (N-40) 
and minimum in May (N-80) due to different nitrogen treatments. 
The ratio remained low (less than 1.00) throughout rainy season as 
well as for different nitrogen treatments (Fig. 4a). Root:shoot ratios 
did not vary by treatment within seasons. The year wise analysis 
also revealed that the treatments did not differ significantly by 
season (Table 2f). 

Dry weights of nodules progressively increased from July to 
October followed by a gradual decrease (Fig. 4b). Nodule biomass 
increased by 2-3 times in rainy season than in winter and summer. 
The lowest nodule dry weight was recorded in June. Nodule dry 
weights did not vary significantly by treatment but 40 kg-ha' 1 N 
yielded higher biomass than other doses. On the basis of annual 
average values, the lowest nitrogen dose (N-40) showed better 
performance followed by N-0, N-80 and N-100. However, in 
most cases higher doses suppressed nodule development and lower 
doses favored greater dry weights. Treatment effects on dry weight 


varied significantly during summer between N-40, N-0 and 
N-100, N-80 (Table 2g) but no significant differences were ob¬ 
served in nodule dry weight during different seasons (Table 2g). 
Nodule dry weight increased significantly during rainy season 
followed by winter and summer. Rainy season seemed to be 
more favorable for nodulation than winter or summer. 

An increase in nodule number per plant was observed from 
June to October followed by a sharp decrease in winter (Fig. 4c). 
During summer, fewest nodules were formed. Maximum nodules 
were observed in September and minimum in May. The forma¬ 
tion of new nodules started from June and continuously in¬ 
creased to the end of rainy season. Nitrogen treatments and sea¬ 
sonal variation effect on nodule formation was non-significant. 
However, N-40 treatment showed the best performance 
throughout the seasons (Table 2h). On the basis of annual aver¬ 
ages, significantly higher values were observed for N-40 com¬ 
pared to N-80, N-0 or N-100. The number of nodules per plant 
was significantly higher during rainy season followed by winter 
and summer. 

Conclusion 

Growth of plant parts such as leaf, stem and root increased with 
plant age. The maximum increment was observed in rainy season 
(July-October). Pongamia pinnata being deciduous, the leaves 
were shed during March and April. Hence, the physiological and 
biochemical activities associated with the growth phenomenon 
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remained idle during this period. On the other hand, plants suf¬ 
fered harsh environmental conditions, i.e., increased solar radia¬ 
tion and atmospheric temperature, and decreased soil moisture and 
relative humidity that had a negative effect on growth at this stage. 

Among different plant parts, root biomass was always higher 
(approximately 50%) than stem biomass and leaf biomass was 
lowest over all N treatments and seasons. Vasileva et al. (2011) 
reported that the application of mineral N exerted a stronger influ¬ 
ence on the quantity of dry root biomass. Highest root biomass was 
recorded in September for Lespedeza by Xu et al. (2007), also 
supporting our results. Fluctuation of below ground biomass pro¬ 
duction within a growth season is a common phenomenon which is 
well documented by Shackleton et al., (1998) and Synman (2005). 
The root:shoot ratio was higher throughout winter to early summer 
and then followed by a decrease, which remained almost constant 
until the onset of rainy season. These changes might be due to the 
plants shedding their leaves during this period. Low root:shoot 
ratios during the active growing season indicates high water use 
efficiency (WUE) of this species. Somewhat similar results were 
obtained by Xu et al. (2007) for some legume herbs. Ryle et al. 
(1978) reported that the nodulated leguminous plants always have 
higher root:shoot ratios, because their roots are metabolically more 
active compared to non-nodulated roots and act as a strong carbon 
sink and exhibit a wider range of metabolic process. Xu et al. 
(2007) also reported for sainfoin and Lespedeza davurica the more 
efficient downwards carbon sink. Low root:shoot ratios were re¬ 
corded as plants aged. This is also justified by the fact that the 
root:shoot and photosynthetic:non-photosynthetic biomass ratios 
decreased with age (Shah et al. 1998). 

The N effect was not significant between treatments and the 
maximum biomass values were recorded for N-40 followed by 
N-80, N-100 and N-0. Similar trends were observed in the bio¬ 
mass of individual plant parts. It was expected that Pongamia pin- 
nata would be less responsive to higher nitrogenous fertilizer doses. 
Several studies showed that a wide variety of plant species are able 
to take up organic N compounds especially under low N conditions 
(Schimel and Chapin 1996; Nasholm et al. 1998; Nasholm et al. 
2000; Hodge et al. 2000; Harrison et al. 2008; Nasholm et al. 
2009). Similarly, an adverse effect of fertilizer N has already been 
explained elsewhere in Dalbergia sissoo by Hussain et al. (1990); 
Uniyal and Pokhriyal (2000); Kumar (2005); Indieka and Odee 
(2005). Aynehband et al. (2012) also reported that higher concen¬ 
tration of soil N decreased and lower concentration increased the 
biomass in Triticum aestivum. Aynehband et al. (2010) explained 
that N fertilizer not only promoted mineral elements in the soil, but 
is usually essential for growth enhancement and maximizes yield. 

Maximum increase in nodule weight was observed at N-40 and 
thereafter it decreased with increase in the nitrogen application 
(Fig. 4b). Rainy season was observed to produce maximum nodule 
numbers compared to winter and summer in all N treatments. 
Maximum nodule numbers were produced during rainy and winter 
seasons at 40 kg-ha 1 N followed by 80 kg-ha 1 N, 100 kg-ha 1 N, 
and N-0, while higher doses suppressed nodulation (Hussian et al., 
1990) in other species. Similar results were reported for Phaseolus 
vulgaris (Shamseldin and Moawad 2010, Danso et al. 1990) and 
for other species by Borin et al. (1992), Carr et al. (2000), Cheema 
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and Ahmad (2000),Vasileva and Rostov (2002), Vessey (2002), 
Anon (2004), Achakzai (2007) and Vasileva et al. (2011). 

Nitrogen supply at early stages of growth can result in rapid 
initial growth and after stablization, plants were able to under¬ 
take N fixation at higher rates. Williams & Haynes (1995) ex¬ 
plained that at initial stage a crop has limited demand for N but 
the requirement increases rapidly as the plant grows. In many 
situations soil N cannot match plant requirements during this 
phase and fertilizer may be required to maintain maximum 
growth rates. Reduction in nodule growth due to higher N doses in 
Pongamia pinnata might be due to inhibition in root hair infection 
or lectin synthesis and thus prevents the association between rhi- 
zobia and root hairs as earlier explained by Johnsen and Bongarten 
(1991), Sawhney et al. (1991) and Sehgal et al. (1992). In general, 
decrease in N uptake in plants treated with higher N doses is at¬ 
tributed to toxicity of plants leading to interference of the regula¬ 
tory plant root mechanisms responsible for nutrient uptake (Elmer 
1999). N uptake in plants solely dependent on N 2 fixation com¬ 
pared very poorly with those supplied with optimal N treatments 
thus emphasizing the need to supply a limited amount of N (starter 
N) to stimulate early and effective symbiosis (Indieka and Odee 
2005). 

In Pongamia pinnata , the initiation of fresh nodules takes place 
during summer when plants face adverse conditions resulting in a 
marked suppression in the nitrogenase activity during this period 
(Chaukiyal et al. 2000). After the completion of the stress period 
and with the onset of the rainy season, the atmospheric conditions 
become more favorable to overall growth and other metabolic 
activities. Almost sSimilar results were earlier reported in for Dal¬ 
bergia sissoo and Acacia nilotica by Pokhriyal et al. (1990 and 
1991). In our study, N treatment effect and seasonal behaviour 
interaction were non-significant, but significantly, higher nodule 
number more nodules per plant was were recorded in rainy sea¬ 
son, followed by winter and summer. 

Greater nitrogen applications were effective in stimulating 
growth and nodulation in Pongamia pinnata seedlings. But ex¬ 
cessive nitrogen fertilizer application should be avoided for le¬ 
guminous tree species such as Pongamia pinnata or should be 
applied in splits after assessing the requirement to maintain a 
consistent availability of nitrogen to maintain soil fertility. On 
the basis of these studies the best results were recorded for N-40 
treatment. Initially, low nitrogen starter doses will be helpful in 
boosting seedling growth, whereas excessive nitrogen fertilizer 
application will inhibit the process of biological nitrogen fixation, 
on one hand and deplete it through volatization, leaching, pollut¬ 
ing atmosphere and rhizosphere respectively on the other. Plant 
growth can be maintained by adopting suitable agronomic man¬ 
agement practices, so that a demand and supply is well main¬ 
tained and plants can fully utilize the fertilizer applied. It can 
draw the benefits of atmospheric nitrogen fixation simultane¬ 
ously by establishing strong host-parasite relationships. The per¬ 
fection of these techniques will ultimately enable the plantation 
to be raised under various afforestation programmes and to in¬ 
crease the productivity depending on the agro-climatic sites of 
the country. 
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